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[57] ' ABSTRACT

A shift control system for an automatic transmission
comprises: a gear train including a plurality of planetary
gear sets having rotary components, an input shaft and
an output shaft; a plurality of clutches for selectively
connecting either the rotary components of the plane-
tary gear sets with each other or the rotary components
and the input shaft; and a plurality of brakes for holding
the rotary components selectively in immovable states,
any one of the planetary gear sets being adapted to take
no part in the transmission of torque at one gear stage.
The shift control system comprises: a shift judging de-
vice for judging that a shift is to be executed; a decision
device for deciding that there 1s a planetary gear set
which takes no part 1in the torque transmission at a gear
stage to be set thereto as a result of executing the shift;

 a detection device for detecting the rotational speed of

the rotary components of the planetary gear set which
takes no part in the torque transmission at the gear
stage; and an engagement control device for controlling
the engaged states of the clutches or the brakes on the
basis of the detection result by the detection device so
that the revolving states of the rotary components of
the planetary gear set taking no part in the torque trans-
mission may be controlled.

13 Claims, 5 Drawing Sheets
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1

SHIFT CONTROL SYSTEM AND METHOD FOR
AUTOMATIC TRANSMISSIONS

BACKGROUND OF THE INVENTION 5

I. Field of the Invention .

The present invention relates to an automatic trans-
mission having its gear train composed of a plurality of
planetary gear sets and capable of changing the connec-
tion relations of the rotary components and, more par-
ticularly, to a shift control system for the automatic
transmission, which is constructed to leave any of the
planetary gear sets taking no part in the transmission of
a8 power at a predetermined gear stage.

2. Description of the Related Art

As 1s well known, the gear train of an automatic
transmission 1s composed of a plurality of planetary
gear sets. This is partly because the planetary gear sets
can be arrayed on line and made compact and partly
because the meshing relations of the gears need not be 20
changed to provide an excellent durability. The number
of gear stages to be set by the automatic transmission of

this kind naturally becomes larger for the larger number
of the planetary gear sets used. In additon, however,

the number of gear stages to be set can also be increased
if the mutual connection relations of the rotary member-
s-——the sun gears, the ring gears and the carners—of the
nlanetary gear sets can be changed by clutch means.
The automatic transmission having this structure 1s
disclosed in Japanese Patent Laid-Open No. 60-57036,
for example. We proposed in Japanese Patent Applica-
tion No. Hei 1-185151 a gear shift mechanism for an
automatic transmission, which uses planetary gear sets
equal in number to that of Japanese Patent Laid-Open
No. 60-57036 but has a larger number of gear stages to
be set and can execute more various shift controls and
improve the power performance.

One example of the system according to our proposal
1s shown in FIG. 6. First to third planetary gear sets 1,
2 and 3 are arrayed on a line between an in put shaft 4
and an output shaft §. Each of these planetary gear sets
1, 2 and 3 has its rotary components, the input shaft 4
and the output shaft § are connected in the following
manner. The carrier 1C of the first planetary gear set 1
is integrally connected to the ring gear 3R of the third
planetary gear set 3. The ring gear 2R of the second
planetary gear set 2 is integrally connected to the car-
rier 3C of the third planetary gear set 3, which is con-
nected to the output shaft 5. There are also provided
three sets of clutch means for connecting the individual
rotary components of the planetary gear sets 1, 2 and 3
selectively to each other. Specifically, these three sets
of clutch means are: second clutch means K2 for selec-
tively connecting the sun gear 1S of the first planetary
gear set 1 and the carrier 2C of the second planetary
gear set 2; fourth clutch means K4 for selectively con-
necting the sun gear 1S of the first planetary gear set 1
and the sun gear 2S of the second planetary gear set 2;
and fifth clutch means K5 for selectively connecting the
carrier 2C of the second planetary gear set 2 and the sun
gear 3S of the third planetary gear set 3. Of these, the
fourth clutch means K4 is composed of a one-way
clutch 20 and a multiple disc clutch 22 which are 1n
parallel relation to each other.

In addition to these clutch means, there are also pro-
vided two clutch means: first clutch means K1 for selec-
tively connecting the input shaft 4 and the nng gear 1R
of the first planetary gear set 1; and third clutch means
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K3 for selectively connecting the input shaft 4 and the
sun gear 1S of the first planetary gear set 1.

As the brake means, on the other hand, there are
provided three sets of brake means: first brake means B1
for holding the sun gear 3S of the third planetary gear
set 3 selectively in an immovable state; second brake
means B2 for holding the carrier 2C of the second plan-
etary gear set 2 selectively in an immovable state; and
third brake means B3 for holding the sun gear 2S of the
second planetary gear set 2 selectively in an immovable
state. Of these: the first brake means B1 is composed of
a one-way clutch 40 and a band brake 42 which are in
parallel relation to each other; the second brake means
B2 is composed of a one-way clutch 60 and a multiple
disc clutch 61 which are in parallel relation to each
other; and the third brake means B3 is composed of a
band brake. | |

Incidentally, reference numeral 6 appearing in FIG. 6
designates a transmission casing (as will be shortly re-
ferred to as the “casing’).

According to the system shown in FIG. 6, the con-
nection relations between the rotary components of the
individual planetary gear sets 1, 2 and 3 can be inter-
changed to set a number of gear stages. In addition,
there are a plurality of kinds of engagement/release
natterns for the clutch means and the brake means to set
a predetermined one of the gear stages, as will be tabu-
lated in the clutch and brake application chart of Table
1. Incidentally, in Table 1: symbols () indicate the en-
gaged stage; blanks indicate the released state; and sym-
bols * indicate that the corresponding means may be
engaged. In addition, the means indicated by the symbol
* for the fifth clutch means K§ or the first brake means
B1 at the Ist speed stage have one of the following
characteristics: (1) the gear ratio and the revolving state
remain unchanged even when it is released, (2) the
revolving state but not the gear ratio is changed when
released, and (3) the gear ratio and the revolving state
remain unchanged even when released, if another
means indicated by the symbol * is engaged. In Table
1, moreover, the columns designated ata, b, ¢, - - -, and
so on at the 2nd, 3rd, 4th and 5th speeds and in the
reverse range indicate that the engagement/release
pattern for setting the gear stage under consideration
has a different rotational speed of the rotary compo-
nents of the planetary gear sets. Still moreover, the
numerals @ @, @ - - -and so on indicate the kinds of
the engagement/release patterns in which the rotational
speeds of the rotary components of the planetary gear
sets are not different.

TABLE 1
_Clutch Means ___Brake Means
K] K2 K3 K4 KS BI B2 B3
Ist ONNe o O O ¢
2) O O O * O
3 O o * O O
2nd a2 1 O O O O .
2) O O o * O
d O O * QO 0O
b O @, O O
2.2th O O O O
2.5th O O O O
2.7th O O O O
3rd a 8 O O * O *
2, O @, o * 0O
b O O O .
c O o O
d o * O @,
3.2th O O O O



. _

TABLE l-continued
_ _Clutch Means Brake Means
Kl K2 K 3 K4 K& BI B2 B3
3.51h N C & T O
41h a ‘1 * S C O ’
¢ & & g
3 ¢ & 7 ¢ ¢
& & * ¢ ¢ ¢
: c O C -
5th a S O . O
- b * o 0O O
c O O * O
Rev % O O * * O
o o C O ¢
b . ok O

Table 1 exemplifies the gear stages which can be set
in principle. For practical use, one excelient in the
power performance and the accelerability 1s selected
from those gear stages. Specifically, a gear stage for
providing a gear ratio having a relation approximate to
the geometric series is selected as a major one, and one
advantageous in the shift controllability and the durabil-
ity 1s selected 1n Table 1 from the engagement/release
patterns for setting the individual gear stages. In the
structure shown in FI1G. 6, on the other hand, the fourth
clutch means K4, the first brake means B1 and the sec-
ond brake means B2 use the one-way clutches 20, 40 and
60 in combination. In case, therefore, it is intended to
block the revolution in the direction to release those
one-way clutches 20, 40 and 60, the multiple disc clutch
22, the band brake 42 or the multiple disc clutch 61, all
of which are in parallel relation to the former clutches,
are engaged to bring their corresponding clutch means
K4 and brake means Bl and B2 into their engaged
states.

The setting of the gear stages in the system, as shown
in F1G. 6. 1s executed while considering the power
performance of the shift controllabihty, as has been
described hereinbefore. For example, the 2nd speed i1s
set according to the pattern of column b of Table 1, and
the 3rd speed 1s set according to the pattern of column
b or c. Considening the shift from the 3rd to 4th speed,
the 3rd speed 1s set according to the pattern of column
c. In this case, the 2nd speed 1s set by engaging the first
clutch means K1, the fourth clutch means K4, the first
brake means B1 and the third brake means B3. In the
first planetary gear set 1, therefore, the ring gear 1R is
rotated with the input shaft 4 with the sun gear 1S being
held immovable. In the third planetary gear set 3, on the
other hand, the sun gear 3S is held immovable, and the
nng gear 3R is rotated at a speed which is decelerated
from that of the revolutions of the input shaft 4 by the
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first planetary gear set 1. In the second planetary gear

set 2, moreover, the sun gear 2S is held immovable, but
the ring gear 2R 1s rotated together with the carner 3C
of the third planetary gear set 3. As a result, the individ-
ual rotary components of the planetary gear sets 1, 2
and 3 are mechanically caused to perform the specified
motions by the closed chain. According to the pattern
of column b or ¢ of the 3rd speed, on the other hand, at
least the first clutch means K1, the third clutch means
K3 and the first brake means Bl are engaged. As a
result, the first planetary gear set 1 has its sun gear 1S
and rnng gear 1R rotated together integrally with the
input shaft 4 so that i1t 1s integrally rotated in its entirety.
In the third planetary gear set 3, on the other hand, the
ring gear 3R connected to the carrier 1C of the first
planetary gear set 1 1s rotated at the same speed as that
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4
of the input shaft 4 with the sun gear 3S being held

immovable. As a result, the 3rd speed 1s set by the first
planetary gear set 1 and the third planetary gear set 3
taking part in the transmission of the power, but the
second planetary gear set takes no part. Unless the
fourth clutch means K4 or the third brake means B3 1s

engaged, there i1s mechanically established the uncon-
strained chain, in which both the sun gear 28 and the
carrier 2C are unconnected to other members including
the casing 6. At the time of the shift from the 2nd to 3rd
speeds, it is conceivable that the third brake means B3 1s
left engaged, namely, that the 3rd speed is set according
to the pattern of column b. In case the 4th speed is to be
set, the third brake means B3 has to be released, and the
rotational speed of the sun gear 2S of the second plane-
tary gear set 2, which has been held immovable by the
third brake means B3, is increased to a value equal to
that of the input shaft. In this case, the second planetary
gear set 2 has to be brought into the unconstrained chain
as the third brake means B3 is released. This likewise
applies to the case in which the 3rd speed is to be set
according to the pattern of column c so as to facilitate
the shift from the 3rd speed to the 4th speed.

In connection with the planetary gear set thus
brought into the unconstrained chain taking no part in
the power transmission, the control of the revolving
state of the rotary components of that planetary gear set
can be executed by neither the control for setting the
gear stages nor the control based upon the rotational
speed of the input shaft 4 or the output shaft §. Thus, the
rotations may fluctuate highly or abruptly in accor-
dance with the shift. As a result, shock accompanying
the revolution fluctuations may possibly be felt as shift
shocks when shifting into another speed stage in which
the rotary components take part in power transmission.

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present invention to
reduce the shift shocks by controlling the revolving
state of that one of planetary gear sets constituting a
gear train, which takes no part in the power transmis-
$101.

Another object of the present invention 1s to provide
a control system for controlling the engaged state of the
frictional engagement means on the basis of the revolv-
ing state of the rotary components of the planetary gear
set taking no part in the torque transmission.

According to the present invention, there is provided
a shift control system for an automatic transmission
comprising: a gear train including a plurality of plane-
tary gear sets having rotary components, an input shaft
and an output shaft; a plurality of clutch means for
selectivly connecting either the rotary components of
said planetary gear sets with each other or said rotary
components and said input shaft; and a plurality of
brake means for holding said rotary components selec-
tively in immovable states, any one of said planetary
gear sets being adapted to take no part in the transmis-
sion of torque at one gear stage. The shift control sys-
tem comprises: detection means for detecting the rota-
tional speed of the rotary components of the planetary
gear set which takes no part in the torque transmission
at said gear stage; and engagement contro! means for
controlling the engaged states of said clutch means or
said brake means on the basis of the detection result by
said detection means so that the revolving states of the
rotary components of the planetary gear set taking no
part in the torque transmission may be controlled.
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According to the present invention, moreover, said
clutch means and said brake means are adapted to be
controlled with oi] pressures fed thereto. and said shift
control system further comprises hydraulic control
means for controlling the oil pressures to be fed to said 5
clutch means and said brake means.

According to the present invention, still moreover,
there i1s also provided a shift control method for an
automatic transmission comprising: a gear train includ-
ing a plurality of planetary gear sets having rotary com- 10
ponents, an input shaft and an output shaft; a plurality of
clutch means for selectivly connecting etther the rotary
components of said planetary gear sets with each other
or said rotary components and said input shaft; and a
plurality of brake means for holding said rotary compo-
nents selectivly in immovable states, any one of said
planetary gear sets being adapted to take no part in the
transmission of torque at one gear stage. The shift con-
trol method comprises a step of controlling the engaged
states of said clutch means or said brake means so that
the revolving states of the rotary components of the
planetary gear set may take no part in the torque trans-
mission may be controlled.

The above and further objects and novel features of
the present invention will more fully appear from the 25
following detailed description when the same 1s read n
connection with the accompanying drawings. It 1s to be
expressly understood, however, that the drawings are
for the purpose of illustrations only and 1s not intended
as a definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present inven-
tion and many of the attendant advantages thereof will
be readily obtained as the same becomes better under-
stood by reference to the following description when
considered in connection with the accompanying draw-
ings, wherein:

FIG. 1 is a block diagram showing the fundamental
components of the present invention;

FIG. 2 is a block diagram showing one embodiment
of the present invention;

FIG. 3 1s a flow chart showing the control routine of
the same;

FIG. 4 i1s a skeleton diagram showing another gear 45
train for use in an automatic transmission, to which the
present invention 1s t0 be applied;

F1G. 5§ is a skeleton diagram showing still another
gear train for use in an automatic transmission, to which
the present invention is to be apphed; and

FIG. 6 is a skeleton diagram showing one example of
the gear train for use in the automatic transmission
which has already been applied for patent by us.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In FIG. 1, an automatic transmission A is connected
through a torque converter T to an engine (although
not shown) and 1s equipped with a gear train and fric-
tional engagement means, as will be described hereinaf-
ter. Moreover, the automatic transmission A 1s set to a
plurality of gear stages by engaging or releasing the
frictional engagement means with oil pressures fed from
hydraulic control apparatus C.

This hydraulic control apparatus C 1s equipped with
a plurality of solenoid valves (although not shown), for
example, which are to be turned ON or OFF in re-
sponse to a signal outputted from a control unit k. This
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control unit E is constructed mainly of a microcom-
puter, which is fed with control data such as a vehicle
speed V, a throttle opening 6, the rotational speed Ne of

 the engine, a running mode select signal or a cooling

water temperature. The control unit E 1s also con-
structed to include shift judging means 10, decision
means 11, detection means 12 and engagement control
means 13.

The shift judging means 10 judges that a shift 1s to be
executed, when a running state determined mainly by
the vehicle speed V and the throttle opening 6 exceeds
a predetermined shift point. On the other hand, the
decision means 11 decides whether or not there is one of
the planetary gear sets composing the gear train, which
takes no part in the torque transmission at a gear stage
to be set thereto by executing the shift. The reason why

there is a planetary gear set taking no part in the torque
transmission is that the gear train in the automatic trans-
mission ‘A 1s composed of three planetary gear sets, as

will be described hereinafter. The detection means 12

detects the rotational speed of the rotary components of
the planetary gear set which takes no part in the torque
transmission. Moreover, the engagement control means
controls the engaged state of a predetermined one of the
frictional engagement means, especialiy the o1l pressure
to be fed to the frictional engagement means on the basis
of the rotational speed detected by the detection means

12, to damp the revolution fluctuations of the rotary
components.

The system of the present invention will be described
in the following in connection with its specified embodi-
ment.

FIG. 2 is a schematic diagram showing one embodi-
ment of the present invention. This embodiment has a
gear train similar to that of the structure shown in FIG.
6, and the description of its gear train will be omitted by
designating the components at reference characters
similar to those of FIG. 6. Moreover, the gear stages to
be set by the structure shown in FIG. 2 and the en-
gagement/release patterns for setting the gear stages are
like those enumerated 1n Table 1.

- In the automatic transmission shown in FIG. 2, too,
the setting of each gear stage is executed by engaging
the clutch means and the brake means designated by the
circle () in Table ‘1. For this operation, there are pro-
vided as the control means: the hydraulic control appa-
ratus C for feeding and discharging the oil pressures to
engage/release the individual ones of the clutch means
and the brake means; and the electronic control unit
(ECU) E for outputting an electnc instruction signal to
the hydraulic control apparatus C on the basis of the
input data such as the vehicle speed V, the throttle
opening 6, the rotational speed of the engine, the shift
position, the running mode select signal and the o1l
temperature. There are further provided: a rotational
speed sensor 7 for detecting the rotational speed (or
r.p.m.) Ng of the input shaft 4 of the gear train; a rota-
tional speed sensor 8 for detecting the rotational speed
Ns of the output shaft §; and a rotational speed sensor 9
for detecting the rotational speed N of the carrier 2C
of the secondary planetary gear set 2. These sensors 7, 8
and 9 are electrically connected with the aforemen-
tioried electronic control unit E. Moreover, the control
systemn including the electronic control unit E and the
hydraulic control apparatus C 1s constructed to execute
not only the controls for setting a gear stage by using
the engine load represented by the throttle opening 6
and the vehicle speed V as its parameters but also the
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controls of the frictional engagement means for control-
ling the rotational speed of the rotary components of
the planetary gear set, which takes no part in the power
transmission at a predetermined gear stage, namely, the
rotational speed of the sun gear 28 of the second plane-
tary gear set 2.

These operations will be described in the following in
connection with the controls of the shift from the 2nd to
3rd speeds. The 2nd speed is set according to the pat-
tern of column b, as has been described with reference
to Table 1. This setting will be exemplified in the form
of a clutch and brake application chart including the
one-way clutch 1n Table 2. Table 2 presents the en-
gagement/release patterns of columns b and c of the 3rd
speed, too. In Table 2, symbols (c) indicate that the
corresponding components are applied at the time of an
engine braking, and symbols A indicate that the corre-
sponding components are engaged but take no part 1n
the power transmission. The remaining symbols are

similar to those of Table 1.

TABLE 2
. Clutch Means Brake Means
K4 ___Bl] B2
Kl KX K3 22 2 K5 42 40 60 6l B3
md b O ©GC 0O OC O
3rd b & O o O A

The 2nd speed 1s set, as enumerated in Table 2, by
engaging the first clutch means K1, the one-way clutch
20 of the fourth clutch means K4, the one-way clutch 40
and the band brake 42 of the first brake means B1, and
the third brake means B3. On the other hand, the engine
braking 1s established by engaging the multiple disc
clutch 22 of the fourth clutch means K4 and is released
except immediately before the shift by disengaging at
least one of that multiple disc clutch 22 and the band
brake 42 of the first brake means B1. In this state, as has

been described hereinbefore with reference to FIG. 6,

the individual planetary gear sets take part in the power
transrnission so that their rotary components perform
the constrained motions. If, in this state, the shift to the
3rd speed 1s judged in terms of an increase in the vehicle
speed, the one-way clutch 20 of the fourth clutch means
K4 1s released as the third clutch means K3 1s engaged,
in case the 3rd speed is to be set according to the pattern
of column b. In case, on the other hand, the 3rd speed i1s
to be set according to the pattern of column ¢, the third
brake means B3 1s additionally released, but the multiple
disc clutch 22 of the fourth clutch means K4 is engaged.

The control of the shift by changing the 2nd-b pattern
to the 3rd-c pattern is exemplified in the form of a flow
chart in FIG. 3. First of all, the various data are read in
(at Step 1). If a signal 1s resultantly outputted (at Step 2)
to 1nstruct the shift according to the change from the
2nd-b pattern to the 3rd-c pattern, the o1l pressure for
engaging the third clutch means K3 is built up (at Step
3). As the third clutch means K3 gradually transmits the
torque, the ratio (Ns/Ns) of the rotational speed Ns of
the output shaft to the rotational speed N4 of the input
shaft 1s accordingly varied. The o1l pressure is continu-
ously fed to the third clutch means K3 till the ratio goes
below a predetermined value Isp4(e.g., the gear ratio of
the 2nd speed), that is to say, till the judgment result of
Step 4 is “YES”. At the instant when the judgment
result of Step 4 is “YES”, the fourth clutch means K4
has i1ts one-way clutch 20 released. Although the third

brake means B3 1s still engaged, the entirety of the sec-

10

15

20

25

30

35

45

50

35

60

65

8

ond planetary gear set 2 stops participating in the power
transmission so that no torque is transmitted for setting
the gear stage. This state is intermediate between the
2nd and 3rd speeds, and the oil pressure 1s dropped (at
Step 5) for releasing the third brake means B3 so as to
shift the intermediate state to the pattern of the column

c for the 3rd speed. Moreover, the oil pressure 1s built

up (at Step 6) for engaging the multiple disc clutch 22 of
the fourth clutch means K4. The rotational speeds N
and N3, of the sun gear 2S and the carner 2C of the
second planetary gear set 2 in the transient state, in

which the third brake means B3 is released but the
fourth clutch means K4 is engaged, can be expressed by
the following formula:

*‘Nas={(1+p2)N2c—Ns}/p2.

wherein p>: the gear ratio of the second planetary gear
set 2.

As can be understood from this formula, the rota-
tional speeds of the sun gear 25 and the carnier 2C of the
second planetary gear set 2 can be neither obtained nor
controlled from the rotational speed Ns of the output
shaft 5§ only. In the automatic transmission shown in
F1G. 2. therefore, the o1l pressure in the fourth clutch
means K4 is controlled on the basis of the output signal
of the aforementioned sensor 9, i.e., the detected resuit
Nac of the rotational speed of the carrier 2C. Specifi-
cally, the value of Ns/(14 p2) and the rotational speed
Nyc of the carrier 2C are compared (at Step 7). If the
former 1s smaller than the latter, that is, if the judgment
result of Step 7 1s “NO”, the oil pressure in the multiple
disc clutch 22 of the fourth clutch means K4 1s raised (at
Step 8). If the result is “YES”, on the other hand, the
routine advances to Step 9, at which 1t is judged
whether or not the fluctuating rotational speed AN;sof
the sun gear 1S of the first planetary gear set 1 1s larger
by a predetermined value a (e.g., a preset constant
value or a value varying with the throttle opening or
the vehicle speed) than the fluctuating rotational speed
ANsof the sun gear 2S of the second planetary gear set
2. If the judgment result 1s “YES”, the oil pressure in
the multiple disc clutch 22 of the fourth clutch means
K4 1s raised (at Step 10). Hf the result 1s *NO”, the rou-
tine advances to Step 11. At Step 11, 1t is judged
whether or not the rotational speed N4 of the input shaft
4 is smaller than the sum of the rotational speed Njs of
the sun gear 1S of the first planetary gear set 1 and a
predetermined value 8 (e.g., a preset constant value or
a value varying with the throttle opening or the vehicle
speed). If the judgment result is *NO”, the control of
Step 10 1s continued. If the result is “YES”, the pressure
to the multiple disc clutch 22 of the fourth clutch means
K4 1s controlled (at Step 12). Since, at the 3rd speed, the
entirety of the first planetary gear set 1 is rotated to-
gether with the input shaft 4, as has been described
hereinbefore, the instant immediately before the end of
the shift to the 3rd speed is detected at Step 11. From
that nstant, the oil pressure to the multiple disc clutch
22 1s so finely adjusted that the rotational speed of the
sun- gear 25 and the carrier 2C of the second planetary
gear set 2 may be gradually equalized to a mechanically
predetermined value. As a result, the revolutions of the
carrier 2C and the sun gear 2S of the second planetary
gear set 2 taking no part in the power transmission is
stabilized to cause no abrupt rotational fluctuation so
that the 1nertia 1s reduced to prevent the shocks.
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Then, the controls shown in FIG. 3 are ended when
the rotational speeds of the sun gear 1S of the first plan-
etary gear set 1 and the sun gear 25 of the second plane-
tary gear set 2 become equal to that of the input shaft 4.

Incidentally, in the automatic transmission having the
structure shown in FIG. 2, controls can be made not
only to damp the aforementioned rotational fluctuations
of the rotary components of the second planetary gear
set 2 but also to prevent the sun gear 2S of the second
planetary gear set 2 from rotating backward and to
make the rate of change proper.

In case of the aforementioned shift from the 2nd to |

3rd speeds, on the other hand, 1t 1s necessary to change
the third clutch means K3 from the released state to the
engaged state. For this necessity, therefore, the oil pres-
sure of the third clutch means K3 may be controlled by
feeding back the rotational speed of such a component,
e.g., the sun gear 1S of the first planetary gear set 1 or
the sun gear 2S of the second planetary gear set 2 as will
have its rotations fluctuating in accordance with the
change of the third clutch means K3.

Incidentally, the present invention can be applied to
the automatic transmission equipped with a gear train,
in which any one of the planetary gear sets takes no part
in the power transmission at a predetermined gear stage.
Therefore, the present invention can also be apphed to
an automatic transmisston which 1s exemplified by add-
ing fourth brake means (although not shown) for hold-
ing the sun gear 1S of the first planetary gear set 1 only
to the structure shown in FIG. 2. Alternatively, the
present invention can be applied to an automatic trans-
mission equipped with a gear train which is exemplified
by connecting the ring gear 2R of the second planetary

gear set 2 to not the carrier 3C but the ring gear 3R of

the third planetary gear set 3, as shown in skeleton
diagram in FIG. 4.

Stlll another example of the gear train, to which the
present invention can be applied, 1s shown in FIG. §.

The example shown in FIG. § is made identical to the
structure shown in FIG. 4, excepting that the fourth
clutch means K4 is composed of a single multiple disc
clutch, that the first brake means Bl 1s composed of a
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single multiple disc clutch, and that the second brake

means B2 is omitted.

The automatic transmission equipped with the gear
train shown in FIG. § can also set all the gear stages that
can be set by the automatic transmission having the gear
train of FIG. 4.

Furthermore, the present invention can be applied to
the automatic transmission which has the structures, as
disclosed in the specifications and drawings of our Japa-
nese Patent Applications Nos. Hei 1-185151 , Hei
1-158152, He1 1-186996, Hei 1-186992, Hei 1-205478 and
Hei 1-280957. In any of these structures, it s sufficient
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to provide means for detecting the rotational speed of 55

anv of the rotary components of the planetary gear set
taking no part in the power transmission at the predeter-
mined gear stage, and control means for controlling the
frictional engagement means such as the clutch means
" on the basis of the detection result of the former means.

In the automatic transmission of the present inven-
tion, as is now apparent from the description thus far
‘made, the planetary gear set, if any, which takes no part
in the power transmission at the predetermmned gear
stage, can be prevented from coming into the uncon-
strained chain by detecting the rotational speed of the
rotary components of that planetary gear set to control
the clutch means, but the rotational speed 1s positively
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controlled. As a result, it is possible to prevent the
abrupt fluctuations of revolution, which might other-
wise accompany the shift. Thus, according to the pres-
ent invention, the reduction of the shifting shocks can
be controlled highly accurately to improve the nding
comfortableness of the vehicle better.

What i1s claimed is:

1. A shift control system for an automatic transmis-
sion comprising: a gear train including a plurahty of
planetary gear sets having rotary components, an input
shaft and an output shaft; a plurality of clutch means for
selectively connecting either the rotary components of
said planetary gear sets with each other or said rotary
components and said input shaft; and a plurality of
brake means for holding said rotary components selec-
tively in immovable states, any one of said planetary
gear sets being adapted to take no part in the transmis-
sion of torque at one gear stage,

wherein the improvement comprises:

detection means for detecting the rotational speed of

the rotary components of the planetary gear set
which takes no part in the torque transmission at
said gear stage; and

engagement control means for controlling the en-

gaged states of said clutch means or said brake
means on the basis of the detection result by said
detection means so that the revolving states of the
rotary components of the planetary gear set taking
no part in the torque transmission are controlled.

2. A shift control system according to claim 1,

further comprising:
shift judging means for judging that a shift 1s to be
-executed; and

decision means for deciding whether or not there 1s a
planetary gear set which takes no part in the torgque
transmission at a gear stage to be set thereto as a
result of executing the shift.

3. A shift control system according to claim 1,

wherein said clutch means and said brake means are

adapted to be controlled with oil pressures fed

thereto, ,_

further comprising hydraulic control means for con-
trolling the oil pressures to be fed to said clutch
means and said brake means.

4. A shift control system according to claim 3,
wherein said engagement control means 1s adapted to
output a signal to said hydraulic control means to con-
trol the oil pressure to be fed to any of said clutch means
or said brake means.

5. A shift control system according to claim 1,
wherein said engagement control means 1s adapted to
control said clutch means or said brake means by com-
paring the change in the rotational speed detected by
said detection means and a predetermined first refer-
ence value. |

6. A shift control system according to claim §,
wherein said first reference value is one varying on the
basis of the vehicle speed and the throttle opening.

7. A shift control system according to claim 1,
wherein said engagement control means is adapted to
control] said clutch means or said brake means by com-
paring the rotational speed detected by said detection
means and a predetermined second reference value.

8. A shift control system according to claim 7,
wherein said reference value is one varying on the basis
of the vehicle speed and the throttle opening.

9. A shift control system according to claim 1,
wherein said gear train comprises:
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a first planetary gear set including a first sun gear, a
first ring gear, a pinion gear meshing with said first
sun gear and said first ring gear, and a first carner
supporting said pinion gear;

a second planetary gear set including a second sun
gear selectively connected to said first sun gear, a
second ring gear, a pimion gear meshing with said
sun ring gear and said ring gear, and a second car-
rier supporting said pinion gear; and

a third planetary gear set including a third sun gear
selectively connected to said second carrier, a third
ring gear connected integrally or selectively to said
first carner, a pinion gear meshing with said third
sun gear and said third ring gear, and a third carrnier
supporting said pinion gear and connected inte-
grally or selectively to said second nng gear.

10. A shift control system according to claim 9,

L
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carrier, a third ring gear connected integrally or
selectively to said second ring gear, a pinion gear
meshing with said third sun gear and said third nng
gear, and a third carmer supporting said pinion
gear.

14. A shift control system according to claim 13,
wherein said detection means includes a sensor for de-
tecting the rotational speed of said second carrier, a
sensor for detecting the rotational speed of said input
shaft, and a sensor for detecting the rotational speed of
said output shaft. |

15. A shift control system according to claim 14,

wherein said clutch means includes:

a first clutch for connecting said input shaft and said

first ring gear selectively;

a second clutch for connecting said first sun gear and

said second carrier selectively;

wherein said detection means includes a sensor for de-
tecting the rotational speed of said second carrier, a
sensor for detecting the rotational speed of said mput 20
shaft, and a sensor for detecting the rotational speed of
said output shaft.

a third clutch for connecting said input shaft and said
first sun gear selectively;

a fourth clutch for connecting said first sun gear and
said second sun gear selectively; and

a fifth clutch for connecting said second carrier and

11. A shift control system according to claim 10,

wherein said clutch means includes:

a first clutch for connecting said input shaft and said
ring gear selectively;

a second clutch for connecting said first sun gear and
said second carrier selectively:

a third ciutch for connecting said input shaft and said
first sun gear selectively:

a fourth clutch for connecting said first sun gear and
said second sun gear selectively; and

a fifth clutch for connecting said second carrier and
said third sun gear selectively,

wherein said brake means includes:

a first brake for stopping the revolution of said second
carrier selectively; and

a second brake for stopping the revolution of said
second sun gear selectively, and

wherein said output shaft i1s connected to said third
carrier.

12. A shift control system according to claim 11,

wherein said fourth clutch has a one-way clutch and
a multi-disc clutch having a parallel relation to
each other,

wherein said first brake has a one-way clutch and a
multi-disc brake having a parallel relation to each
other, and

wherein said second brake 1s a band brake.

13. A shift control system according to claim 1,

wherein said gear train comprises:

a first planetary gear set including a first sun gear, a
first ring gear, a pinion gear meshing with said first
sun gear and said first ring gear, and a first carrier
supporting said pinion gear;

a second planetary gear set including a second sun
gear connected integrally or selectively to said first
sun gear, a second ring gear connected integrally
or selectively to said first carrier; a pinion gear
meshing with said second sun gear and said second
ring gear, and a second carrier supporting said
pinion gear; and

a third planetary gear set including a third sun gear
connected integrally or selectively to said second
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said third sun gear selectively,
‘wherein said brake means includes:

a second brake for stopping the revolution of said

second sun gear selectively; and

a third brake for stopping the revolution of said third

sun gear selectively, and

wherein said output shaft.1s connected to said third

carrier.

16. A shift control method for an automatic transmis-
sion, comprising: a gear train including a plurality of
planetary gear sets having rotary components, an input
shaft and an output shaft; a plurality of clutch means for
selectively connecting either the rotary components of

said planetary gear sets with each other or said rotary
components and said input shaft; and a plurality of
brake means for holding said rotary components selec-
tively in immovable states, any one of said planetary
gear sets being adapted to take no part in the transmis-
sion of torque at one gear stage, comprnsing;:

a step of controlling the engaged states of said clutch
means or said brake means so that the revolving
states of the rotary components of the planetary
gear set which take no part in the torque transmis-
sion are controlled.

17. A shift control method according to claim 16,

further compnsing;:

another step of deciding that a shift should be exe-
cuted to any of said gear stages; and

still another step of detecting the rotational speed of
the rotary components of the planetary gear set
which takes no part in the transmission of torque at
said one gear stage,

whereby the engaged states of said clutch means or
said brake means are controlled on the basis of the
detection result of said still another step.

18. A shift control method according to claim 16,

wherein said third step changes the transmission torque
capacity of said clutch means or said brake means by

controlling the oil pressures to be fed to said clutch
means Or said brake means, on the basis of said detection

resuit.
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